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ABSTRACT 

The use of the fdamentous fungus, Ashbya gossypii, to improve riboflavin production at an industrial scale is 
described in this paper. A riboflavin overproducing strain was isolated by ultraviolet irradiation. Ten minutes 
after spore suspensions of A. gossypii were irradiated by ultraviolet light, a survival rate of 5.5% spores was 
observed, with 10% of the surviving spores giving rise to riboflavin-overproducing mutants. At this time 
point, a stable mutant of the wild strain was isolated. Riboflavin production of the mutant was two fold higher 
than that of the wild strain in flask culture. When the mutant was growing on the optimized medium, 
maximum riboflavin production could reach 6.38 g/1. It has even greater promise to increase its riboflavin 
production through dynamic analysis of its growth phase parameters, and riboflavin production could reach 
8.12 g/1 with pH was adjusted to the range of 6.0-7.0 using KH2PO4 in the later growth phase. This mutant 
has the potential to be used for industrial scale riboflavin production. 
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INTRODUCTION 

Riboflavin, also called vitamin B 2 , is an essential 
compound in living organisms, including microorganisms, 
plants and mammals. It serves as the precursor of flavin 
mononucleotide (FMN) and flavin adenine dinucleotide 
(FAD), which are required as electron-accepting 
oxidoreductases (14, 19). It is widely used in the food 
enrichment, pharaiaceutical and feed supplement industries. 
Riboflavin can be produced by chemical synthesis or by 
microbial fermentation. Riboflavin for therapeutic purposes is 



still made by chemical synthesis, but since the market is being 
driven by heightened interest in utilizing renewable resources 
and their corresponding cost reductions, riboflavin is 
increasingly produced by specialized microorganisms (7, 16, 
22). Currently, industrial riboflavin production by microbial 
fermentation generates approximately 6><1 0 6 kg annually (20). 

Riboflavin is produced by many microorganisms, 
including bacteria, yeasts and molds (2, 16). Ashbya gossypii, a 
filamentous fungus, is currently used in industry for the 
production of riboflavin (16). About 30% of the world 
industrial riboflavin output, which is greater than 1.25 x 10 6 kg, 
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is produced by direct fermentation with this fungus (1, 17). 
Over the past several decades, great efforts have been made to 
enhance riboflavin production and develop better production 
media. Many different methods have been used to improve the 
productivity of the wild strain, such as UV irradiation (6, 11, 
14), chemical-induced mutagenesis (20), antimetabolite 
mutagenesis (13, 19) and metabolic engineering approaches (5, 
18). 

Numerous studies have been conducted to improve 
riboflavin productivity by utilizing different substrates (2, 8, 9, 
20). Riboflavin overproduction by A. gossypii can be achieved 
by using glucose, sucrose, fructose, maltose, mannose, or 
glycerol as the carbon sources; however, oils, such as corn oil 
and soybean oil, are superior (2). In addition to the carbon 
source, commercial fermentations employ a crude nitrogen 
source, with enzymatic digests of collagenous proteins being 
the most effective. Also, yeast extracts have been shown to be 
essential in stimulating riboflavin overproduction from A. 
gossypii (12). Corn steep liquor was found to be a very 
satisfactory substitute for yeast extract as it is abundantly 
available at low cost (2). Utilization of waste products to 
produce riboflavin have been reported (3, 11), with yields as 
high as 8.7 g/1 riboflavin when activated bleaching earth 
containing rapeseed oil was added to the culture. 

The objective of this work was isolation of an UV -induced 
mutant strain overproducing riboflavin. The UV-induced 
mutant can synthesize riboflavin both earlier and more 
prolifically than the wild strain. By dynamic characterization of 
this mutant in an optimized medium, there is still great 
potential to increase riboflavin production by adjusting the 
parameters during fermentation, thus allowing this mutant to 
serve as an industrial strain for riboflavin production. 

MATERIALS AND METHODS 

Strain, media and cultivation conditions 

Ashbya gossypii ATCC 10895 was used as the wild type 



strain. Stock culture was grown at 28°C on solid slant medium 
(SSM) containing (per liter) 10 g glucose, 3 g malt extract, 5 g 
peptone, 3 g yeast extract and 15 g agar (pH 6.9). After 4 days 
of cultivation, the agar slants were stored at 4 °C until further 
analysis. Spore producing liquid medium (SPLM) consisted of 
(per liter) 10 g glucose, 1 g thiamine, 5 g yeast extract and 5 g 
Tween 80 (pH 6.8). The mutant screening medium (MSM) 
consisted of (per liter) 20 g glucose, 5 g yeast extract and 15 g 
agar (pH 7.2). The preliminary seed medium (PSM) consisted 
of (per liter) 20 g glucose, 10 g corn steep liquor (North China 
Pharmaceutical Co. Ltd., China) and 5 g peptone (pH 6.8), and 
the second seed medium (SSM) consisted of (per liter) 6 g 
glucose, 10 g corn steep liquor, 5 g gelatin (Beijing Chemical 
Reagent Co., China) and 10 g soybean oil (Shandong Luhua 
Co. Ltd., Laiyang, China) (pH 6.8). The riboflavin production 
medium (RPM) contained (per liter): 30 g corn steep liquor, 15 
g osseocolla (Beijing Zhijiao Plant), 40 g soybean oil, 2 g NaCl 
and 1 gKH 2 P0 4 (pH 6.8). 

All the seed cultures were incubated at 28 °C on a rotary 
shaker (HNY-200B, Honour Instrument Factory, Jiangsu, 
China) at 150 rpm for 36 h in 250 ml Erlenmeyer flasks 
containing 15 ml RPM medium. For riboflavin production in 
flask cultures, 0.3 ml of the preliminary seed culture was 
inoculated into 15 ml of SSM medium, and 1 ml of the second 
seed culture was inoculated into 500 ml Erlenmeyer flasks 
containing 100 ml of RPM medium. The culture was incubated 
at 28 °C on a rotary shaker at 200 rpm for 7 days. 

Spore preparation, UV irradiation and mutant screening 

For preparation of spores, following 4 days of cultivation 
on SSM media, mycelia of A. gossypii were collected by 
adding 1 ml sterilized water. The suspended mycelia were 
inoculated into a 250 ml Erlenmeyer flask with 100 ml SPLM 
medium. This inoculation culture was incubated at 28 °C in a 
stationary manner. After 5 days of incubation, the spores were 
collected by filtering through three layers of lens paper and 
adjusting the concentration to 10 5 -10 6 spores/ml. 
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A Petri dish containing 10 ml of spore suspension was 
stirred at 60 rpm and exposed to UV light (254 nm) at a 
distance of 30 cm from the UV lamp (15 W, Brightek 
Optoelectronic Co., Ltd., Shenzhen, China). 100 |il of spore 
suspension was removed at every 5 or 10 min and plated on the 
MSM media. The colony-forming units were counted after 5 
days incubation at 28 °C to determine the percentage of 
survival of A. gossypii spores at each time point. 20 colonies 
were randomly chosen at each time point and their riboflavin 
producing potential was compared with A. gossypii ATCC 
10895 using the RPM media to determine the ratio of positive 
mutants. The optimized UV irradiation dose was used to 
generate a mutant library, and the preliminary screening of 
candidate positive mutants was based on the intensity of yellow 
color produced by colonies on the MSM medium. The second 
screening was performed using 500 ml Erlenmeyer flasks 
containing 100 ml RPM medium and incubated with shaking at 
28 °C for 7 days. 

Optimization of riboflavin production medium 

The riboflavin production medium was optimized using a 
three factor and three level L 9 (3 3 ) orthogonal design (Table. 1). 
Levels of factor A (corn steep liquor) were 20 g/1, 30 g/1 and 40 
g/1; levels of factors B (osseocolla) were 15 g/1, 25 g/1 and 30 
g/1; and levels of factor C (soybean oil) were 4 g/1, 4.5 g/1 and 5 
g/1. A total of 9 experimental runs were performed in 500 ml 
Erlenmeyer flasks containing 100 ml medium incubated with 
shaking at 28 °C for 7 days, with three replicates for every 
experimental run. The more important factors and most 
effective levels were determined based on the orthogonal 
analysis and subjected to further tests of riboflavin production. 

The optimized concentrations of the three aforementioned 
components were combined and subjected to flask tests of 
riboflavin production. In order to further increase the riboflavin 
production, fed-batch fermentation was employed by adding 10 
g soybean oil on the fifth and the sixth day based on the 
optimized medium. 



Analytical methods 

The riboflavin concentration was measured according to 
the method described by Tanner et al (21) with modifications. 
Before sampling, the culture broth was mixed thoroughly and 2 
ml of culture broth was drawn and mixed well with 1 ml of 
HC1 buffer (pH 2.0). The mixture was treated at 100 °C for 30 
min, and then centrifuged at 10000 g for 5 min. A 0.5ml 
aliquot of the supernatant was removed and diluted to 100 ml 
with sterilized water. The diluted supernatant was subjected to 
riboflavin analysis. The absorbance of the diluted supernatant 
was monitored by a Photofluorometer 930 (Kexiao Co., Ltd., 
Hangzhou, China), with riboflavin concentration being 
calculated from the calibration curve. Fluorometric analyses 
matched well with those values obtained microbiologically and 
spectrophotometrically (10, 20, 21). 

In order to determine the correlation of riboflavin 
production to the parametric changes during the growth phase 
of A. gossypii, parameters such as biomass, pH, free amino 
nitrogen and reduced sugar were monitored at constant time 
intervals. Biomass was determined gravimetrically by 
obtaining 10 ml aliquots of culture broth at each time point. 
The culture was centrifuged at 10000 g for 5 min, the pellet 
mycelia was weighed to determine the ratio of mycelia to 
volume of the culture, and the supernatant was used to analyze 
free amino nitrogen and reduced sugar. Free amino nitrogen 
was determined by the formaldehyde method (4), and reduced 
sugar was determined by the Fehling method (15). 

RESULTS AND DISCUSSION 

Effect of UV irradiation on survival of A. gossypii spores 
and riboflavin-overproducing mutants 

UV irradiation on the spore suspension of A. gossypii 
lasted a total of 60 min. The survival of colonies was 
ascertained after 5 days incubation at 28°C. Fig. 1 shows the 
effect of UV irradiation time on the survival of A. gossypii 
spores. At the 10 minute time point, spore survival had already 
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decreased dramatically with only 5.5% surviving the UV 
treatment. After 10 minutes, only a few colonies appeared on 
the MSM media plates with these colonies being more resistant 
to the UV radiation. 

The percentage of riboflavin-overproducing mutants 
increased with the time of UV irradiation up to 10 min, with 
the percentage as high as 10%. After this time point, the 
percentage of riboflavin-overproducing mutants tended to 
decline with increasing UV irradiation time (Fig. 1). For every 
time point, most mutants were negative riboflavin producing 
when compared with the wild type strain. We chose the UV 
irradiation time of 10 min to generate a mutant library 
containing 2996 mutants, which was screened to identify 
riboflavin-overproducing mutants. 
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Figure 1. Effect of ultraviolet irradiation on survival of spores 
and positive mutation of A. gossypii. 

Isolation and screening of riboflavin-overproducing 
mutants 

A total of 2996 mutants were grown on MSM media and 
compared with respect to their yellow coloration. 125 of them 
had intense yellow colors and were chosen as the candidates 



for riboflavin-overproducing mutants. Following the second 
screening on RPM media, a mutant designated as ATCC 
10895-32 was identified as the top riboflavin producer. 
Riboflavin production of ATCC 10895-32 was dynamically 
compared with that of the wild strain at different time points 
(Fig. 2). The mutant strain synthesized riboflavin at an earlier 
stage than the wild strain, and riboflavin production of the 
mutant strain was also higher than that of the wild strain at all 
sampling times. Riboflavin production by ATCC 10895-32 at 8 
d was 4.48 g/1, a 42% increase compared to the wild strain on 
the RPM media. 

UV irradiation usually generates point mutations, which 
are easily recovered in natural conditions. To determine 
whether or not ATCC 10895-32 was a stable mutant, the 
mutant strain was subjected to twenty successive transfers, and 
50 colonies were randomly isolated to compare their riboflavin 
production. There was no significant change in the riboflavin 
production among them, suggesting that the isolated mutant 
strain can be used as a candidate potential riboflavin 
overproducer. 




Times (days) 

Figure 2. Comparison of riboflavin production in wild-type 
and mutant strains. 
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Optimization of the riboflavin production medium for the 
A. gossypii 10895-32 strain 

Out of all the components in the riboflavin production 
medium, corn steep liquor, osseocolla and soybean oil were the 
most crucial factors for riboflavin production (19). L 9 (3 3 ) 
orthogonal design experiments were performed to determine 
the factors' optimal concentrations. The combined effects of 
the three components on the riboflavin concentration are shown 
in Table 1. The results were analyzed by the standard 
orthogonal design analysis. From the data of R (R=Max t ; - 
Min t ; ), it shows that corn steep liquor has the largest effect 
and soybean oil has the smallest effect on riboflavin 
production. This means riboflavin production was greatest 
when level 1 of corn steep liquor, level 3 of osseocolla and 
level 3 of soybean oil were used (Fig. 3). The optimal 
combination of media for riboflavin production is corn steep 
liquor 20 g/1, osseocolla 25 g/1 and soybean oil 50 g/1, with the 
other parts comprising the media being NaCl 2 g/1 and KH 2 P0 4 
1 g/1 (pH 6.8). This indicated that a higher riboflavin 
production could be expected when the optimized medium is 
used. 

Based on the optimized medium, we made a slight change 
in the components of this medium for consideration in 
industrial utilization. Ozbas and Kutsal (5) reported that 



oxygen was a very important factor for riboflavin 
overproduction. More oil being added to the medium in the 
beginning may affect the oxygen uptake of A. gossypii, so the 
initial amount of oil in optimized medium was decreased by 1 0 
g/1, with this omitted amount being later added to the media by 
feeder. Osseocolla was used at 25 g/1 and 30 g/1 (Table 2). 

Fed-batch culture is often used in industrialized 
fermentation to increase production. We observed that little 
soybean oil was left during the latter growth phage of ATCC 
1895-32. Soybean oil was putatively the limiting factor for 
further riboflavin synthesis. For the purpose of further 
increasing riboflavin, 10 g soybean oil was fed on the fourth or 
the fifth day based on the optimized medium. The result shows 
that the riboflavin production of fed batch culture was 
increased by 5%-8% in comparison with that of non-fed batch 
culture (Table 2). The riboflavin concentration could reach 
6.25 g/1 when 10 g soybean oil was added on the fourth day. 
However, riboflavin concentration did not increase 
significantly when another 10 g soybean oil was fed on the 
fifth day, probably because the other components of the 
medium had become depleted, or non-appropriate 
environmental factors (pH, etc.) restricted riboflavin 
overproduction. 



Table 1. Optimization of riboflavin production medium by L 9 (3 3 ) orthogonal design 



runs 


Corn steep liquor (Factor A) 


Osseocolla (Factor B) 


Soybean oil (Factor C) 


Riboflavin concentration (g/1) 


1 


1 


1 


3 


4.68 


2 


2 


1 


1 


4.42 


3 


3 


1 


2 


3.81 


4 


1 


2 


2 


4.47 


5 


2 


2 


3 


4.75 


6 


3 


2 


1 


3.39 


7 


1 


3 


1 


5.28 


8 


2 


3 


2 


4.73 


9 


3 


3 


3 


4.37 


T, 


14.43 


12.91 


13.09 




T 2 


13.90 


13.03 


13.01 




T 3 


11.57 


14.38 


13.80 




ti 


4.81 


4.30 


4.36 




t 2 


4.63 


4.34 


4.34 




t 3 


3.86 


4.79 


4.60 




R 


0.95 


0.49 


0.24 





Notes: Riboflavin concentration is the mean value of three replicates. Ti_T 2 and T 3 indicate sum of riboflavin concentration corresponding to level 1, level 2 and 
level 3 respectively under the same factor, and ti_ t 2 and t 3 indicate the mean value of Ti_ T 2 and T 3 respectively. R=Max t ( - Min ti (i=l , 2 or 3) 
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Components of media Soybean oil fed 



Runs 


Corn steep 


Osseocolla 


Soybean oil 


Oil fed on 4th day 


Oil fed on 5th day 


Riboflavin 


liquor (g/1) 


(g/D 


(g/D 


(g/1) 


(g/1) 


concentration (g/1) 


1 


20 


25 


40 






5.44±0.09 


2 


20 


25 


40 


To 




5.72±0.15 


3 


20 


25 


40 


10 


To 


5.82±0.21 


4 


20 


30 


40 






5.89±0.12 


5 


20 


30 


40 


To 




6.25±0.23 


6 


20 


30 


40 


10 


To 


6.38±0.16 



Notes: Each medium contains 2 g/1 NaCl and 1 g/1 KH 2 P0 4 except for the above components. Riboflavin was assayed on the seventh day. 



Factors 
Corn steep lequor 
Ossecolla 
-* — Soybean oil 




Figure 3. Correlation between riboflavin production and the 
levels of corn steep liquor, osseocolla and soybean oil. 



Dynamic characterization of A. gossypii 10895-32 in the 
optimized medium 

To determine the correlation of riboflavin production with 
the metabolic parameter changes during the growth phase of A. 
gossypii ATCC 10895-32, the parameters, pH, biomass, free 
amino nitrogen and reduced sugar, were monitored daily. The 
pH quickly dropped from the initial pH of 6.8 to 5.9 on the first 
day after inoculation. Relatively less riboflavin was 
synthesized during this period. The growth of A. gossypii was 
beginning to reach the log phase after pH reached 6.47 on the 



third day (Fig. 4A). The rise in pH signals the initial phase of 
riboflavin production (2). When the pH was rising in the range 
of pH 6.47 to 7, A. gossypii was in the stationary phase and the 
riboflavin was oversynthesized. When the pH climbed from 7.0 
to 7.9, the mycelia were lysed and the biomass of A. gossypii 
declined, which caused the riboflavin synthesis to stop (Fig. 4A 
and Fig. 4B). Tanner et al (3) and Ozbas et al (5) reported that 
the pH was as low as 4.5 in the first 24 to 36 hours, and that the 
best riboflavin yields was obtained when the pH was in the 
range of 6.0 to 7.0. With the continuous consumption of 
nutrients in the medium, the pH can reach as high as 8.5, and 
subsequent riboflavin synthesis is negligible or absent. 

The metabolic parameters, free amino nitrogen and 
reduced sugar, were assayed during the growth phase of A. 
gossypii. As free amino nitrogen dramatically decreased in the 
first two days, we presumed that A. gossypii quickly used the 
free amino nitrogen to synthesize its own structure because of 
sustained growth of A. gossypii. Subsequently, the released free 
amino nitrogen levels rose along with the reduced sugar levels. 
Especially in the later growth phase, the released free amino 
nitrogen increased rapidly, which was believed to have 
contributed to the rise in pH (2). Since both free amino 
nitrogen and reduced sugar were continuously released during 
the growth phase, they were available for riboflavin 
overproduction. However, the alkaline pH caused mycelial 
lysis and the riboflavin synthesis was terminated. Based on the 
analysis of dynamic characterization of A. gossypii 10895-32 in 
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the optimized medium, we performed a new experiment with 
the pH adjusted to the range of 6.0-7.0 using KH 2 P0 4 in the 
later growth phase, riboflavin production was increased to 8.12 
g/1- 

In summary, we used the most effective method of UV 



irradiation to generate a stable mutant strain. Through the 
optimization of its medium and characterization of its growth, 
enhanced riboflavin production was observed. This strain 
constitutes an excellent candidate for use in industrialized 
fermentation for riboflavin production. 
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